It has long been recognized that the FFH, if technically feasible, could be the most prolific net fissile fuel producer known to man. As such, it would anchor the cost of enrichment services by providing an alternative to gaseous and centrifugal enrichment facilities. Additionally, it would not be tied to 235 a depleting U supply as the current enrichment technologies but could use depleted fertile material as a feedstock. Also, it could anchor the cost of yellowcake produced from ores with a continuously declining average ore grade.
These facts, combined with the perception that the fusion's scientific feasibility may be within reach, have prompted the U.S. Department of Energy as well as the Electric Power Research Institute to take decisive steps toward establishing a comprehensive assessment program for the FFH concept.
As part of the initial efforts, this study summarizes the promise and timing of the FFH concept and culminates in a generic RD&D timetable. This document emphasizes the meaningfulness of the concept to tomorrow's energy needs and energy production systems rather than strict analysis of technical feasibility.
The basic input for this assessment was derived from a general literature review and from direct and telephone conversations with many people who have been deeply involved, for many years, in theoretical and experimental iii research, technical and economic assessment, and conceptual design of various fusion concepts, fusion-fission concepts and related technologies.
The study reports the results of a nationwide survey of views of such experts, on the subject of the timetable for the development of the FFH toward commercialization. The proposed RD&D timetables received as of printing time are summarized on page 1-34. Not surprisingly, considerable discrepancies exist among the various estimates because:
(a) they were formulated for different FFH concepts for which the current levels of plasma physics advancement and RD&D funding vary markedly from one to another; and, (b) the timetables proposed reflect the differences of views among the persons involved with regard to: confidence level in plasma physics advancements; project completion time intervals; and, development program strategy.
Based on this information as well as on the UE&C experience as an ArchitectEngineer which has designed, licensed, and constructed many nuclear and fossil power plants to date, the authors proposed a generic RD&D timetable for the FFH concept as a whole. This is given on page 1-34 and illustrated graphically in Figure 1 .6.
While differences of opinions may exist on the specific milestones indicated, it is felt that the suggestion of the 2005 to 2010 time frame for the startup date of the first ccaranercial FFH installation is an accurate representation of the general consensus of views within the fusion conmunity. 
SIGNIFICANCE OF NUCLEAR ENERGY TO MAN'S ENERGY NEED
The earth has been endowed with solar derived fuels on a timetable embracing millions of years. Chemical energy can be provided by solar derived fuels consisting of wood, coal, gas and oil which have been man's source of energy for thousands of years. However, significant depletion of these solar derived fuels, particularly petroleum, is predicted to be just a few decades away which may be debatable but its eventual occurrence is not. By contrast, relatively recently discovered nuclear energy produced by the fusion of two light nuclei-^ or fissioning of a heavy nucleus offers a virtually inexhaustible source of energy.
If the energy released by the chemical reaction of carbon and oxygen to form C0" is expressed as unity, then the energy released by fusion of a tritium atom and a deuterixim atom is 50 million; the energy released in nuclear fission by splitting one atom of uranium metal is 588 million. Clearly, energy 1-1 production as measured by the mass of material required for a given energy release, is far greater for chemical reactions than nuclear. A similar comparison of waste products produced for a given energy release highlights another aspect of nuclear energy efficiency.
The fusion process of the sun is an extreme example of efficiency of chemical versus nuclear energy. If the total energy of the sun were produced by coal, it would consume the entire United States coal reserves in 3.8 x 10"^ seconds or about 0,4 of a microsecond. Moreover, in 24 days an ash sludge residue equal to the size of the earth would be generated. Although this is an extreme analogy, the intent is to relate the efficiency of energy production and waste quantities accumulated for nuclear reactions compared to chemical reactions. Increased world emphasis on environmental effects requires better understanding of the significance of these relationships and their overall impact.
Energy generated from nuclear reactions was discovered and demonstrated several decades ago. Knowledge of nuclear phenomena and the engineering problems associated with extracting useful energy led to the early belief in the following scenario for deployment of nuclear technology. Initially, fission converter devices such as light water reactors (BWR and PWR) would be deployed. Next, the advanced converters such as CANDU and HTGR reactors would appear. Finally, as uranium reserves become depleted, breeder reactors, fusion electric and solar energy as the technology evolved would begin to contribute significant amounts of energy in the early-to-mid decades of the twenty-first century.
1-2
Events have not proceeded according to this scenario as initially envisioned. Reasonable assurance of a viable uranium and enrichment service supply is a significant factor in decision for utility commitment to a nuclear power In addition to the electrical sector's demand for nuclear fuel, reasonable evidence exists to suggest at the beginning of the twenty-first century an ever-increasing demand for nuclear power to support the industrial and synfuels (sjmthetic fuels) sector of the world economy. At the present time, both sectors rely on oil, natural gas or coal as their thermal energy sources.
Most surveys of world petroleum resources and reserves anticipate a gradual decline in world oil production at the beginning of the twenty-first century
This occurrence may result in either an increase in the electrical demand as electricity is substituted (unfortunately, at lower efficiency) for petroleum or the appearance of a coal derived sjmfuels industry.
The inefficiencies of the industrial and sjmfuel processes and the current tendency to use coal as a fuel and feedstock will result in an exponential increase in the consumption of coal and an attendant exponential increase in the environmental impacts associated with that energy source. Should environmental concern on air pollution, solid waste disposal, contaminated runoff, and atmospheric CO2 accumulation require a reduction in the utilization of fuel coal, nuclear energy in the form of high temperature reactors may be required to pick up the shortfall. The net impact could be that the demand for natural fissile uranium and enrichment services will exceed the current demand projections.
Most inexhaustible energy sources cannot economically provide the large amounts of high temperature energy demanded by the industrial and synfuels processes. Since failure to deal with this environmental/energy dilemma will have a profound effect on the world economy, nuclear energy may have to fill the gap. It could become necessary to utilize the potential energy available 1-7 from the accumulated U tails, natural uranium and thorium ores. Therefore, the need will be for a fissile fuel factory to provide fuel for nuclear process heat in addition to nuclear electric power generation.
POTENTIAL CONTRIBUTION OF THE FUSION-FISSION CONCEPT
A fusion-fission hybrid device consists of a subcritical fast fission interface blanket and one of a number of specially designed after-blankets surrounding a fusion reactor. Depending on the design of the after-blanket, the hybrid can produce fissile fuel and/or electricity. Figure 1 .3 schematically presents a hybrid device compared to a fusion electric device. The hybrid promises a significant contribution to the solution of the world energy problem and provides another incentive for early development of fusion technology.
The expected performance of the hybrid and technological targets associated thereto are potentially closer to our current technology than fusion electric.
This may result in an earlier coiranercial availability of the hybrid as compared to that of the fusion electric device. Thus, the hybrid has the potential to assure a supply of fissile fuel for existing and newly deployed LWRs and advanced converters in the early decades of the twenty-first century.
Description of Fusion-Fission Physics
The specific fusion reaction, envisioned as a near-term possibility, releases significant energy when the nuclei of deuterium and tritium are fused to produce a helium atom and a neutron. The mass difference between the products foirmed and the reactants produces about 17.6 MeV of energy for each fusion event, the distribution being 3.5 for the He ion (alpha particle) and 14.1
MEV for the neutron. The fusion electric reactor depends on the conversion of this energy to maintain the temperature of its plasma and thus sustain the reaction. The neutrons may be used to convert lithium into additional tritium atoms, to resupply the fuel for the fusion reaction. 
Figure 1.3 General Schematic of Fusion Electric and Fusion-Fission Hybrid
The hybrid uses the 14 MeV neutrons to drive an otherwise subcritical fertile blanket producing fission and other reactions. The 14 MeV fusion neutrons interact with the uranium, ^^°U, and/or thorium, Th, in the fertile blanket by fast fission, (n,2n) and (n,3n) reactions to multiply the energy by factors of ten or more and generate more than four neutrons per event for breeding of fissile and fusile materials.
Prolific Fuel Production
Based on these performance characteristics, one hybrid reactor with reprocessing could provide fissile fuel for five to ten LWRs utilizing natural, depleted or recycled fertile material as a feedstock. Early development of hybrids supporting a well developed converter technology in the world's electrical, industrial and synfuels sectors, could permit the conservation of irreplaceable petroleum and coal fuels and provide insurance against unforeseen and potentially catastrophic-forced reductions of fossil fuel utilization because of environmental concerns.
Proliferation Resistant "Refresh" Fuel Cycle
The opportunity to develop and support proliferation-resistant refresh or denatured cycles is enhanced by deployment of the hybrid. This is attributable to the fact that the refresh cycle revitalizes spent fuel by means of recycling it through the hybrid, as opposed to extracting fissile fuel from the spent fuel by present methods of reprocessing. Also, the denatured cycle allows use of fertile-to-fissile fuel mixtures not conducive to weapons diversion.
Relaxed Engineering Requirements
The hybrid's fission-blanket neutron and energy multiplication characteristics result in a relaxation of plasma physics requirements for the fusion driver 1-10 of a fusion-fission hybrid producing electricity as compared to a fusion electricgenerating device. In addition, if the hybrid is dedicated to fissile fuel production and does not supply electricity to the grid, the engineering requirements for the entire plant may be considerably relaxed as compared to a fusion electric device. This follows, because the plant reliability and availability requirements for the production of fissile fuel production should not be as stringent as those for electricity generation. Therefore, the engineering and technological requirements of the hybrid may be closer to our current technology than those for fusion electric generating plants.
Improved Breakeven Energy Requirements
For the fusion electric device, the ratio of the energy produced to the energy needed to initiate and sustain the reaction (sometimes designated Q) must equal one for the breakeven condition. Such a machine is not a net power producer.
For net power out of a fusion electric reactor, a Q greater than 5 is needed.
Currently planned fusion experiments are expected to reach the breakeven point, Q = 1, sometime in the early 1980s. 1974 1977 1980 1983 1986 1989 Fusion research progress points towards attaining plasma conditions suitable for fusion-fission applications (Q «1) within the next five years. Table 1-1. Thus, fusion technology with respect to plasma conditions appears achievable in the near term for hybrid applications. All of these factors permit practical development of the hybrid to proceed on a potentially shorter timetable than fusion electric.
Rapid Deployment
In addition to the potentially longer development schedule, fusion electric generating plants like any advanced power producers, probably would take 30 to 40 years after a commercial demonstration before they could be deployed in sufficient quantities to provide a significant portion of the electrical demand. The coupling of the hybrid's fissile fuel production to the existing LWR technology should result in a more significant as well as an earlier energy contribution. Finally, the application of less demanding fusion physics conditions in hybrids, encourages earlier attention to the engineering, construction and operational aspects of fusion reactors, than might occur if attention were confined only to fusion electric. This more balanced approach to the total requirements for practical fusion power could help when engineering is begun for the first commercial fusion electric generating plants. Numerous relevant systems and subsystems of the hybrid device would be applicable to the fusion electric device. The hybrid would not only meet the LWR or other fission reactors fuel supply needs in the early part of the twenty-first century but it could strengthen the economic and technical support for the development programs required to achieve fusion electric.
1-13 The hybrid's economics are uncertain at the present time, however, some effort has been devoted to "target" economics. Significant work is still needed to determine the actual construction as well as operation costs of the hybrid.
It is expected that the capital cost of the hybrid will exceed that of an LWR or LMFBR with identical thermal rating, but the final "production cost" (mills/ kWh for the electric sector, or $/10 Btu for synfuels and the industrial sector) as related to consumer cost, may well be competitive.
The hybrid, combined with reprocessing, is a prolific fuel producer providing fuel for five to ten LWRs. Figure 1 .5 illustrates such a hybrid fuel producing facility. The final product cost of the energy produced by the hybrid's satellite converters is relatively insensitive to the cost of the hybrid itself. It is important to note that the hybrid's capital cost is determined by averaging over the total capital investment of the numerous satellite converters, such as the LWR.
It is not appropriate to consider the hybrid a replacement for the LMFBR, because of the uncertainty of cost information and because the LMFBR is not designed to be a fuel producer for advanced converters. Rather, the LMFBR is intended to be a replacement in the electrical sector only. The impact of the final end-use energy form on the value of a fuel and its conversion system cannot be overlooked. Considerable development and engineering is required for the hybrid, whereas the IMFBR concepts are well into the engineering and hardware stage.
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Fresh Fuel (U-233 or PU-239) The hybrid can be considered an anchor on the price of yellowcake produced from ores having continuously declining average ore grade. The hybrid can also be considered an inexhaustible fuel source for a nuclear technology that may serve the industrial and synfuels sectors as well as the electrical sector.
The R&D investment in developing and ultimately deploying the hybrid may be a more effective use of capital than the expansion of enrichment plants. Furthermore, unlike fuel enrichment plants, whose large capital investment is committed to a depleting 235u resource, the capital investment in the hybrid is closely related to the deployment of a virtually inexhaustible fuel utilization cycle.
1,5 CURRENT VIEW OF THE FUSION-FISSION CONCEPT
Each of the fusion-fission concepts currently under study is described briefly below. In addition, the major parameters of each system is presented in A conceptual design of a commercial mirror hybrid reactor, optimized for 239Pu production, was completed as a result of a joint effort by Lawrence Livermore Laboratory and General Atomic Company. Neutral-beam injection is used in a minimum-B magnetic geometry. The Yin-Yang magnets, blanket and primary heat transfer loops are all housed within a prestressed concrete reactor vessel (PCRV) of the HTGR-type. The U3Si blanket consists of 600 helium-cooled modules.
1-17 A tandem mirror reactor consists of a long linear solenoid whose ends are "plugged" by using two minimum-B mirrors. A fusion electric tandem mirror reactor design has been developed at Lawrence Livermore Laboratory, Neutral-beam injection into the end-plugs is used.
Linear Theta-Pinch Hybrid
The theta-pinch fusion reactor concept involves a rapidly pulsed reactor in which a high density plasma and thermonuclear ignition of the plasma is obtained by a fast-rising magnetic field in a theta-pinch geometry. A fusion-fission hybrid design based upon the theta-pinch concept has been studied at Los Alamos Scientific Laboratory. The device is one kilometer long and has a 7Li-232i]^_233u blanket, and helium coolant is used.
Laser Solenoid Hybrid
One concept is the Laser Heated Solenoid Hybrid (LHSH) which has been proposed and developed by Mathematical Sciences Northwest, Inc. The laser heated solenoid concept is similar to the theta-pinch concept except that it substitutes axially directed laser heating of the plasma for the shock-heating phase of the latter. The blanket consists of depleted uranium with no initial 239pu charge.
Laser-Driven Hybrid
Conceptual designs of laser-driven (ICF) hybrid reactors have been reported by Lawrence Livermore Laboratory (LLL) with the Bechtel Corporation and the Westinghouse Corporation. The foimer design is optimized for fissile fuel production and the latter is optimized primarily for power generation. The LLL-Bechtel design consists of a depleted uranium blanket and is cooled with liquid sodium.
Particle-Beam-Driven Hybrid
Particle-beam-driven hybrid (PBDH-relativistic electrons or light ions) are closely related to the laser-driven hybrids (LDH). The main difference is that particle-beam generators are considerably more efficient than lasers allowing lower pellet gain and yields for PBDH as compared to LDH. The largest particle-beam fusion program in the United States is carried out at the Sandia Laboratories in Albuquerque, New Mexico. In a Sandia-Bechtel design, either thorium or depleted uranium is used in the fission blanket and liquid metal cooling. In addition, there is a lithium blanket external to the fission blanket.
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The major areas of concern in realization of the hybrid's potential are; fusionfission hybrid technological development, safety requirements impact and overall plant reliability, and prevention and control measures required to avert diversion of special nuclear materials for weapons manufacture.
In the technology area, a basic question exists in the selection of the fusion driver for the hybrid machine. Current opinion favors the concept of using the hybrid primarily as a fissile-fusile fuel factory. The fusion driver is seen primarily as a neutron source, but although relaxation of the fusion plasma conditions is possible, current experimental conditions do require improvement to achieve neutron fluxes for fuel production. As potential fusion drivers for the subcrltlcal fertile blanket, several quite different fusion machines, presently in the conceptual and experimental stages, use the principle of magnetic confinement of the plasma.
There are, also, at least three reported Inertial confinement devices under active investigation. It is improbable that all can economically be taken to the development level. Moreover, the principal direction of effort will be dominated by the potential for realizing the goal of fusion electric power production. In this review of technological problems, therefore, attention has been directed generically toward magnetic confinement and specifically to the Tokamak machine, as typifying the status of fusion drivers and the recognized problems. However, as the physics of laser fusion, electron-beam, and ion-beam fusion drivers mature, inertial confinement fusion devices may become viable hybrid choices. Tables 1-2 These tables Indicate the critical problems, the required level of solutions, and kinds of programs required for achieving the desired solutions. Computer analysis of blanket configuration and determination of optimum fuel element 1 design; more in-depth conceptual design effort is required.
In-depth design effort and development programs 1-25
The Fusion Driver
The fusion driver is primarily viewed as a neutron producer, in terms of implementing the hybrid as a fissile-fusile fuel breeder. Previously, it was noted that a significant relaxation of the constraints for fusion electric plasma conditions would still permit the fusion driver to provide neutrons at adequate levels for fissile and fusile fuel breeding. In order that the magnetic confinement machines achieve levels of neutron production useful to the breeding option require further upgrading of capability. Some major engineering and technological advances required in the development of the hybrid are in the areas of: superconducting magnet designs, associated cryogenic systems, injection systems for the fuslle fuels to be burned in the plasma, and reactionproducts removal systems, efficient fusion reactor heating methods (ohmic, RF, neutral beams, etc.) for magnetic confinement fusion drivers, and efficient laser sources and pellet design for high power gains in terms of inertial confinement fusion drivers. Also, the effects of short duration pulses on the fertile blanket material is relatively undetermined. The duration of subsequent fission reaction production of substantial neutron fluxes is still very short. The next generation of fusion machines of the tokamak type is expected to operate cyclically, with a fusion "burn-time" of the order of 50-70 seconds followed by a purge time for the removal of reaction products, of 10-20 seconds.
Thus, the neutrons for this machine would be fed into the blanket in pulses and the resulting fission reactions would also be cyclic.
The Fission Blanket
Detailed studies are required to define the neutronics in the area of the fertile blanket design for use in a practical hybrid system. The systems considered can include a number of options (solid block, pebble-bed spheres, 1-26 molten salts, or others). In the case of heterogeneous fuels, the blanket will consist of fertile materials properly encapsulated and supported by mechanical structures. All of these materials, however, need to be compatible among themselves with respect to the thermal radiation and coolant system flow conditions creating the blanket's physical environment, and they must be able to survive the blanket environment itself. These problems have been recognized, but they have not, as yet, been adequately studied at the experimental level of development. Planning for test facilities and test programs for the determination of materials capabilities is in progress.
The hybrid's reactor engineering may be more complicated than for a fusion electric device. However, this depends on the requirements of the blanket design. Blanket design can be advanced from fission fuel experience, providing blanket configuration, structural support systems, coolant systems, and control systems are adequately defined. Additionally, operation and maintenance access within the constraints of unique fusion reactor geometries and attendant environment must also be defined.
The type of fission converter used may affect the design of the blanket. This is particularly the case for a hybrid designed to utilize the proliferationresistant "refresh" concept. For this case, the hybrid design is controlled by the optimization of both the hybrid reactor and the satellite converters.
With the use of reprocessing, the hybrid reactor will be designed to optimize performance and economics, just as the fusion electric reactor eventually will be.
The Hybrid Materials Eneineering
The behavior of materials subjected to high energy Inputs is of major engineering concern to both the fusion electric reactor and the hybrid. Energy inputs 1-27 range from 0.5 to 10 MW/m2 (depending on the fusion device) as produced by photons and both charged and uncharged particles. Macroscopic as well as microscopic changes are induced under such conditions which can degrade the performance of the materials. Some of the work related to fission reactor experiments at very high burnups may be applicable to this problem. The fertile materials: lithium, uranium and thorium needed for the blanket require the definition of chemical and physical forms which can provide adequate performance under these conditions. The "refresh" concept, to be successfully implemented, requires that the fuel and cladding materials withstand the neutron environment of the hybrid for longer periods of time than for reprocessed fuel (at least twice as long). This is in addition to the normal burn-up exposure anticipated in the advanced fission converters.
To facilitate timely deployment of the hybrid, engineering support activities should begin now. Effort should be devoted to blanket configurations and neutronics, system design for remote disassembly and handling of the first wall and after-blankets, cooling system design, fusion input energy equipment, and the wide range of materials behavior in the high energy neutron field, detailed conceptual designs that can help formulate firm capital, operating and maintenance costs.
Environmental concern because of tritium inventories is raised for both the hybrid and fusion electric devices. Also, heat sink requirements and potential biological hazards from such high energy equipment as lasers and superconducting magnets are also major areas of concern.
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The Hybrid Safety Considerations
The hybrid contains fissile material, fission products, and activated materials.
Therefore, it will be of greater safety and environmental concern than the fusion electric devices. The hybrid reactor will be subject to safety reviews as considered appropriate. Licensing procedures, similar to those for LWRs and LMFBRs will also be Implemented for the hybrid, as applicable. 
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The hybrid's licensing questions seem to be not any more stringent with regard to the fertile-fissile blanket than those that exist now for an LWR. The blanket initially is not composed of fissile materials; and, in itself, cannot produce self-sustaining fission reactions, since it is designed to remain subcritical. The problem presented by the tritium fuel inventory of the fusion device and of tritium bred in the blanket must be dealt with for both the fusion electric reactor and the hybrid.
The fusion electric systems, of course, do not present problems associated with the fissile fuel cycle and the potential of diversion and proliferation of nuclear materials for weapons manufacture. However, the hybrid is a fissile fuel producer, and thus security measures to avert nuclear weapons proliferation must be taken in the event of deplojmient. The hybrid fertile blanket design may be influenced by the fueling requirements of its satellite fission converter reactors. In an optimized fuel cycle it might be possible to design fuel elements for compatible neutronic and heat transfer performance in the hybrid blanket and in the satellite reactor. The "refresh" concept v-'-tually mandates this level of optimization, but, as noted earlier, developme? t of highly radiation-damage resistant fuel forms and claddings are necessary.
For fuel cycle flexibility, chemical reprocessing of the blanket, for recovery of the fissile fuel, maximizes the benefits of the hybrid. The recovered fissile fuel can thus provide the annual makeup requirements of any of its satellite converters father than supplying the whole fuel element, as in the case of the refresh cycle.
Production of the pure, separated, thermally-fissile materials: 233u^ 235u^ 239 and Pu, in areas potentially subject to unauthorized removal, is the key 1-30 concern in most weapons proliferation scenarios. A relatively large number of options do exist, however, by which fissile materials can be controlled and/or "denatured", in order to avert clandestine weapons manufacture. This large variety of options constitutes a problem whose resolutions effectively details the specifics of the fertile blanket design. Consequently, for work to go forward in the hybrid blanket designs, decisions as to the preferred methods of control are needed at an early date. This weapons proliferation can be minimized or avoided by "denaturing" the fissile materials while they are under satisfactory controls. This denaturing can be done by diluting the fissile materials:
• with isotopes of the same element which are not subject to thermal fission: e.g., additions of 238u to 233u and 235u;
• with other non-fissile but chemically compatible elements; e.g., additions of 232Th to 233u, 235u, and 239pu; or 238u to 239Pu; or,
• with highly radioactive fission products deliberately added or simply not removed in reprocessing.
Other approaches include:
• co-separation of non-fissile 238u with 239pu^ or with ^^-^V bred from 232xh, and,
• co-location, in a suitably controlled energy center, of the reprocessing, fuel element fabrication, and perhaps, even the satellite fission reactors.
The hybrid is adaptable to all of the above non-proliferation measures. It is particularly adaptable to an energy center concept because it is a fuel producer. The hybrid offers an opportunity for implementing the "refresh"
fueling concept in which the spent fuel elements from a satellite reactor are directly lodged in the hybrid blanket and the fertile material is irradiated until the level of fissile material needed for the operation of the converter 1-31 is reached. This scheme, in which there is no separation of the fissile material as a pure product, is considered highly resistant to weapons proliferation. After one or more such exposures for "refreshment", the fuel element is sent to storage. It is Important to note that the recent studies indicate the "refresh" cycle is adaptable to both advanced converter reactors (HTGR, etc.) and LWR converters.
STRATEGY FOR RESEARCH, DEVELOPMENT AND DEPLOYMENT OF HYBRIDS
Factors defining the need for the hybrid and the timing have been previously discussed. Potential major technical and non-technical considerations that must be addressed to make a hybrid demonstration plant a reality have been reviewed. What remains is the question of designing a development program for the hybrid that will provide a commercial hybrid reactor to a timetable in anticipation of future needs. The major savings in the fusion electric development program associated with the hybrids are:
1. The fuel producing hybrid can be designed to relaxed plasma physics conditions which could be achieved before those required for fusion electric; and, 2. Deployment of the hybrid particularly benefits from its use as a fuel producer, and, therefore, the time for significant energy contribution of the hybrid can be earlier than other technologies which directly replace some existing methods of electric generation.
The major addition to the program time arises from the need for nuclear safety Some program planners approach this schedule with caution because of their previous experience and therefore add five to ten years for contingency.
OBSERVATIONS AND CONCLUSIONS
A review of the work on fusion-fission hybrids to date leads to the following conclusions:
1. The fusion-fission hybrid may be developed and deployed before the fusion electric device because:
a) The fusion plasma physics requirements are nearly in hand compared to fusion electric.
b) The fission blanket technology can benefit from current fission reactor technology.
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c) The great market potential associated with existing and future satellite converters.
Early deployment of fusion-fission hybrids will require:
a) The nuclear safety and environmental licensing requirements and interveners' actions do not extend the engineering and commercial prototype demonstration projects to such an extent as to compensate for the fusion electric development lag time.
b) The major material evaluation activities and engineering activities begin in the immediate future and are successful. Although the hybrid's deployment will be affected by learning curve limitations, the hybrid will rapidly impact the energy sector due to its high fuel production rate. Fissile fuel for substantial nvmibers of burner reactors could be in production within a decade from commercial availability.
This timetable of deployment in the early decades of the twentyfirst century is achievable but substantial work in the technical, engineering and economic aspects is needed to confirm its economic and political desirability.
The relationship of the hybrid to its satellite reactors controls the ultimate product cost to a significant degree.
It is premature to attempt to exactly define the relationship of the hybrid and the LMFBR to the needs of the nuclear energy marketplace because of the large uncertainties in the capital cost of the hybrids and the political cost of the LMFBRs.
The hybrid can be highly proliferation-resistant under a "controlled" reprocessing scenario and has a significant advantage because it forms the basis for the development of the proliferation resistant "refresh" concept.
The hybrid dedicated to fissile-fuel production for electrical and industrial reactors could be the first step in the general deployment of fusion power as technological development permits. The deployment sequence envisioned consists of a hybrid for producing fuel and electricity followed by a fusion electric device and finally a fusion-thermal device for the industrial and synfuels reactors.
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